Researchers worldwide are engaged in the evaluation of the performance of urban travel modes. Economic cost comparison studies are commonly used as instruments to substantiate the most favored mode in urban transport. This paper attempts to provide a comparison of current usage of city buses and cars in the Johor Bahru town of Malaysia. Technical costs, social costs and environmental costs are compared in ensuring accessibility and mobility on one hand and reducing accidents and environmental losses on the other. The study relates to a stretch of 14.5 km of 6-lane divided carriageway road connecting Pontian in the North and Johor Bahru, Malaysia, and Singapore in the South. Traffic data and Transport costs were obtained via primary and secondary sources. When car usage is involved, vehicle operating costs (VOC) was found to be three fold (RM 2.05/ person-km) than the VOC of bus usage (RM 0.7/ person-km). Similarly, social costs, which mainly included the cost of accidents, amounted to 80 times the accident cost associated with buses. Environmental costs were modeled based on speed and total vehicle volumes for CO, NOx, SOx, and PM10 emissions and were expressed as total investment in pollution control. The environmental costs were then calculated in terms of medical costs believed to be caused by the pollution. These pollution costs amounted to 15 times the pollution cost associated with buses. The total transport costs were then obtained to provide comparative evaluation of the study modes. Furthermore, multiple future scenarios were created to provide cost analyses over time periods and modal split cases. In this regard, this paper provided a framework for a cost evaluation approach for an urban area. Results indicated that city buses are more costeffective than cars, assuming equality in the number of passengers.
1.0 INTRODUCTION
High Car ownership is increasingly becoming a trend in Malaysian urban agglomerations. This is mainly triggered by high subsidies for car travel, low patronization of public transport and the affordability of Malaysian nationals to own a car. In recent years, it is common to find more than a car in high as well as in some middle income households. Besides, Malaysian road tax, registration fee, and vehicle annual insurance is one of the lowest in the ASEAN countries (Malaysia Automotive Institute, 2010) ( Table-1 ). Moreover, Malaysian federal and state governments compensate for the gap in public transport services by providing fuel subsidies for car travel, which make car travel in economic terms, the second lowest among the ASEAN countries. In the wake of a low priority given to the public transport, the traffic effects are bound to unfold as severe traffic congestion, air pollution & high traffic accident rate as well as economic effects of increased total debt on households and Malaysian economy due to low premium car loans.
In the early 1960s, the rapid economic progress of Malaysia has failed to identify public transport as a priority sector. As a result public transport service still lags behind in extent as well as in quality terms when compared to the ASEAN counterparts such as Singapore as well as Hong Kong and Japan. Many research studies document poor patronage of public transport modes as a result of deficiencies in the following: spatial and temporal availability, feeder connections to origin and destinations, reliability to schedule, traffic information, and the brand image. Malaysian Government in its ambitious National Transportation Program (NTP) has set a modal split of 50:50 between the public transport and individual motorized transport by the year 2020. As per the indices reported in Comprehensive Development Plan for the South Johor Economic Region, 2006, this modal split for Johor State is 70:30 between public and private transport modes. If the current trend continues, the increase in the private traffic share may cause massive congestion especially in and around the city centers of Malaysia. The travel time and its equivalent costs in private modes are bound to increase due to congestion and its delay effects. This is already viewed as the wasted time when value of time (VOT) of car travelers is considered. Furthermore, the quality of air would deteriorate due to high emissions of greenhouse gases (GHG). Even worse, the accident rates will rapidly increase with the increase in the private transport modes. Economic evaluation of the travel with public and private transport modes in Malaysia can therefore signify the necessity of prioritization and cost reduction efforts. Such comparative economic studies can justify the efforts towards the development of the mode carrying the least total transport costs.
Road User Cost (RUC) of the travel includes vehicleoperation costs and delay costs resulting from any effect of congestion in the traffic flow. They are a function of travel time, distance, duration, frequency, scope, and characteristics of different modes; the volume and operating characteristics of the traffic affected; and the currency rates assigned to vehicle operations and delays. RUC has many cost components that include VOC like: fuel costs, tire and tube costs, spare parts, repair and maintenance costs, depreciation cost etc. It also includes Value of Time (VOT) for travelers during the trip and mostly includes in-vehicle time and out-vehicle time, usually referred to as lost time. Both the time components incur cost to the traveler when delays are accounted. Urban travel modes are constantly analyzed for their abilities to control accidents. Accident costs surge with the use of unsafe modes viz. motorcycles, cars, lorries etc., these costs can be judgmental to promote the use of the least accident prone modes. Assessment of accident costs has suggested various approaches, some of them are-gross output approach, net output approach, and life insurance approach. As per Central Roads Research Institute (India), 1982, the accident costs involve gross loss of future output, notional value of pain, grief and suffering, hospital costs, court costs and administrative expenses of Police, Insurance Companies, funeral expenses etc. Many of these external costs including air and noise pollution costs, have recently been recognized. Often these costs pose difficulties of assessment since they have no value in market. Some authors argue that these costs are external to the road users and are under-valued (Jakob, Craig et.al.2006 ). One of the methodologies used to assess the economic cost of pollution was based on cost related to prevention of death and illnesses due to pollution (Sarkar et.al. 2010) . Some other studies have included costs of traffic control and management and pollution reduction effortsexpressed in monetary units -to present pollution costs. The economic analyses of pollution costs include costs involved in the reduction of CO, NOx, SOx, and particulate matter of varying sizes. Therefore, these air pollution (AP) costs can produce significant differences in the decisions to prioritize modes for urban travel which ensure high mobility, safety, economy yet environmentally unsuitable.
In economic analyses, the comparisons that are made entirely on quantitative elements of VOC and VOT are largely unrepresentative. Each mode presents its own cost-performance package, including its strengths to limit environmental damage and accidents. Formerly, economic analyses presenting lower transport costs based on VOC and VOT were central to the selection or patronization of modes. Such analyses overlooked the environmental cost of pollution and social costs of traffic accidents. TRRL's (UK) RTIM Model and World Bank's HDM Model suggest procedures to calculate the total transport costs of a Highway project. However, both models lack the inclusion of factors that account social and environmental costs. Road user costs studies provide only two cost components i.e. the VOC and delays costs expressed through the VOT. These direct costs are decisive in evaluating alternative modes of travel. Some newer models incorporate social costs of accidents when considering the price factor in the modal choice (Jakob, Craig et.al. 2006 ) (Litman, 2013) . There are limited studies that include technical cost, social cost and environmental cost components as a single cost performance package, thereby, suggesting a need for comparative studies.
Based on the above arguments, the aim of this study is to present a transport cost analysis of city bus and private car usage for Johor Bahru town in Malaysia. To achieve this aim, the following objectives are underlined:  To provide a comparison of technical costs, social costs and environmental costs involved in the usage of public bus and private car for base year 2013;  To evaluate the total transport costs for the horizon year 2020;  To draw comparisons between the two defined scenarios: Do-nothing scenario and 50/50 modal split scenario.
2.0 METHODOLOGY
The methodology of this study considers the cumulative costs borne by road users (as road user cost), by society (as social costs of accidents), and by natural environment (as environmental cost) in two modes of travel: private car and public bus. All three costs were expressed in per person-kilometer units. The methodology includes the following: (1) Estimation of base and horizon year traffic, (2) Estimation of technical costs, as a summation of VOC and VOT costs (3) Estimation of environmental costs, as a function of speed and traffic volume (4) Estimation of social costs, as costs of fatal road accidents and other additional costs (5) Composition of cost per person-km, (6) Conduct sensitivity analysis by assessing the cost effects in two scenarios: 70:30 private car and public bus modal share and 50:50 modal share. (7) Conclude costs savings accrued to savings in VOC, VOT, reduced air pollution and reduced accidents.
Selection of a Study Area
To draw comparative studies, a road stretch from Sri Putri to Hospital Sultana Aminah (HSA) in Johor Bahru was studied. The route length of 14.5 km comprised of 6 lane divided carriage with 3 lanes in each direction. As per the Department of Public Works (JKR, Malaysia), Road type is JR205 is a federal road with many entry and exit points along the route. This site was selected, firstly, due to high prevalence of both public bus and private car and secondly, its being an arterial road with multiple connections to the expressway and collectors, for large traffic volumes were necessary to draw sharp comparison between two travel modes. Finally, as a main arterial road the possibility of data availability and collection were deemed high. Figure 1 exhibits a geographical account of the stretch selected for this study. Table 2 ). For instance, tire lifespan in Malaysia according to manufacturing companies was assumed to be 100,000 km (under average wet/dry weather conditions). Thus, cost of tire per kilometer was determined accordingly; also fuel mileage calculation was based on the consumption of 1 liter petrol/diesel for 13 kilometers for cars. Installment for private cars was considered at an average rate of 850 RM/month, but for public buses there were no installments. Private car depreciation costs were ascertained at 50% cost after 3 years; similarly, public buses depreciation cost was calculated at 40% that of a new bus cost, after 10 years usage (National Automotive Policy). Average travel for a car in a year was assumed to be 30000 km. The VOT costs were based on the wage-rate method. In this method, the average earnings of travelers in different categories of modes are considered. Data related to purpose of travel, occupation, car ownership, monthly income and origin-destination were collected by interviewing travelers. The travelers were classified into 3 income groups, namely low-income group (LIG), middle income (MIG) and high-income group (HIG). Time components such as access time, waiting time, online travel time, delay time, boarding and alighting time, and departure time were calculated in arriving at the bus travel time. The average coverage of public buses -station to residential area -was assumed to be 300 meters. The half of the time that a person waits for bus was counted as waiting time. The study network from Hospital Sultanah Aminah to Seri Putri had 12 bus stations witha total of 249 seconds alighting/boarding time. The VOT equivalent costs were based on average wage rate, considering 24 working days and 8 working hours. Occupancies were assumed to be 2 and 35 persons in private car and public buses, respectively. The income data and car ownership were used to define modal split between public and private transport use for a given origin and destination pair.
Road traffic volume data for the study network was obtained from 6 
All accident data were taken from Tun Aminah Police station in Johor Bahru. Accidents were categorized into fatal accidents, major accidents, minor accidents and damage accidents. Accident data were also obtained separately for both the transport modes. The cost of accidents in all categories was obtained from Malaysian Institute of Road Safety (MIROS). The total cost of accident comprises of monetary value of gross loss of future output, notional value of pain, grief and suffering, hospital expenditure, court expenditure, expense of police, insurance companies etc. Figure 1 of the study network (RTVM 2009). For the purpose of the study, the study network was divided into three sections of 5.3 km, 7.2 km and 2 km for detailed analysis of traffic volume. For each section normal growth rate for the last 10 years was used to determine the traffic volume and modal split for the projected years. Car, taxies and motorcycles were categorized as private transport modes and public buses were categorized as public transport mode. Traffic volume was converted to pcu/hr. For the year 2020, two scenarios were considered, do-nothing-case; where current level of modal split are adopted and 50:50 case, where equal modal split are considered. As indicated earlier, the second case forms a part of the policy listed in the Comprehensive Development Plan for the South Johor Economic Region with a vision to strengthen public transport modes.
Estimation of Technical Costs
Technical Costs included two costs: vehicle operation costs (VOC), and time costs of travelers based on their value-of-time (VOT). The total costs of vehicle operation were calculated per personkilometers ( Table 2) .
Value of Time (VOT) was calculated by level of income group of each household. A comprehensive survey was conducted to find out three level of income group: Low-income group (LIG), Medium-income group (MIG), and High-income group (HIG). Based on the responses and wage-rate method, the data for value of time for the studied section journey were obtained (Table 3) .
Assumption of average coverage of bus stations to residential area being 300 meters, similar assumptions were deduced from it, such as access and egress time from the bus stop as well as waiting time at the bus stops. Total travel time by public buses and private cars were calculated 79.3 and 23 minutes respectively. This provided basis of calculation of value of time of travelers in both modes.
For instance, the VOT cost of journey for a LIG group per person per study network was RM 5.4. The total cost of journey by bus and car for all income groups for the study stretch were RM12.6 and RM 22.7 respectively. 
Estimation of Environmental Costs
Environmental costs were estimated from air pollution. Noise pollution, vibrations and other negative effects were not considered. Emissions included those emitted directly into the atmosphere, such as carbon monoxide (CO), particulate matter (PM10), oxides of nitrogen (NOX), and oxides of sulfur (SOX). Based on traffic volume in projected years, the amounts of pollutants were calculated. An air pollution model was based on vehicle speed named as EMFAC; developed by the California Air Resource Board (CARB), this model was used to determine the selected levels of pollutants. This model determined the pollution emitted (ton) into the atmosphere. The cost of pollution was based on the Caltrans estimates ($/U.S. ton) of health cost of transportation emissions in 2010 rates, however, these estimates have been calibrated for Malaysian price indices for the base year 2013.
Emissions Cost = ∑ (vehkm x Emission Rate x Costs per ton) … . . (1) by Emissions Type (e.g. CO, NOx, Sox and PM) Table 4 demonstrates the amount of pollution produced by each mode for the average journey speeds among the two modes. Table 5 shows the health cost per ton for different pollutants. The highlighted row indicates the values used in this study. 
Estimation of Social Costs
Social costs were based on accident costs, which were categorized as: Fatal, Major, Minor, and Damage Accidents. Accident statistics often are reported in terms of accident rate and accident frequency. Accident rate is the number of accidents expected or observed along a roadway segment during a time period normalized to the roadway segment length and the traffic volume over the same period. Accident rate typically is expressed as accidents per vehicle-miles or vehicle-km (in SI units) T or accidents per million vehicle travelled. The model used for calculating the crash rate for a given network is presented (1) . The duration of analysis period is assumed 7 years, the length of the segment was 14.5 km, AADT was obtained from RTVM, and also, total accidents were obtained from police accident reports. The following model is applied: Although the Malaysian government subsidizes the use of private transport through fuel subsidies and low loan repayments, the VOC for private transport was observed almost 3 times the VOC for public transport. In addition, the VOT of private transport user was found 1.7 times the VOT for public transport user.
Effect on the environment were studied under two scenarios, current level of modal split (70:30) and future levels of modal split (50:50) were compared. The 20 % increase in ridership is anticipated in the 50:50 modal split case. According to Figure 3 , for the base year 2013, the private mode pollution contribution was found to be 14 times that of public mode. However, for the 50:50 modal split case, it is estimated to be 6 times that of public mode, which indicates that development of public mode will contribute to a better air quality in 2020. A 28% reduction in air pollution and its related costs was estimated after implementing the development plan for South Johor Economic Region in 2020 (Figure 4 ). Accident analyses associated eighty percent accidents with the private mode (cars, motorcycle and taxis) and only 1% of total accidents with the public mode ( Figure 5 ). There was no significant difference in the accident share among the public transport modes, however, among the private modes, it increased to 5 % in donothing case, and conversely, it decreased to 18% in 50:50 modal split case. Due to high fatal accident costs in Malaysia, the accidents are central to the surge in total transport costs. In fact, every fatal accident costs RM 1.2 million to the society. There is a high contribution of motorcycles in accidents, as much as 64% of total accidents and 80% of fatal accidents. Figure 6 indicates that accident costs involving private modes were found to be 80 times more than that in public modes for base year as well as horizon year 2020. 
5.0 DISCUSSION
Total transport costs involved the individual estimation of the technical, social, and environmental costs of this study network (Figure 7-8 ). These were analyzed for two types, first with accident cost and second, without the accidents costs. Figure 7 shows all indicators without accident costs. After considering the scenario associated with the implementation of Comprehensive Development Plan for South Johor Economic Region, air pollution revealed a decrease of 28 % compared to do-nothing case, while the VOT and VOC remained same.
Fatality accident increased the total cost of accidents by six times. Surveys have shown a high prevalence of motorcycle use among the members of the low-income group (LIG). Equally, the use of public modes is predominant among the Low income group. Thus, Development Plan for South Johor Economic Region reveals a major influence in decreasing the number of accidents, especially fatal accidents. 
6.0 CONCLUSION
Analyzing transport costs are not only limited to VOC and VOT, pollution and accidents costs as given in the paper. These are instruments to justify the selection of prioritization of transport modes in an urban conglomeration. Thus, evaluation and comparison of the total transport cost would require multiple and detailed indicators to cause sharp variations in the selection as well as prioritization of different modes of transport. This paper has documented the results based on the total costs with limited indicators: Road User Costs (RUC), Environmental costs and Social costs. We have demonstrated that the cumulative cost can be viewed as a Cost Performance Package. In this attempt, the paper has presented a framework for estimating and comparing different costs that are involved in public and private travel. The decision making, based on these costs, can be further refined by choosing multiple networks, multiple modes, and multiple indicators. In this context, the study, although, was confined to given network characteristics only and was not totally representative for all Malaysian conditions, but provides some new insights in the area of transport cost analysis. Similar studies, however, by expanding the domain of predictor variables can be conducted to provide a better assessment mechanism for comparison between modes. Future researcher might also include direct and indirect costs of transport, for further analyses.
